distribution  statement  a  . 

Approved  for  Public  Release  i 
Distribution  Unlimited 


i- 


OTS:  60-11, 5U7 


JFRS:  2^66 
26  April  i960 


OH  IffiTHOD  OF  GROWING  ALKALI 
HALIDS  CRYSTALS  FROM  A 


-  USSR  - 


by  V*Do  Kuchin 


» 


Reproduced  From 
Best  Available  Copy 


Distributed  by: 


OFFICE  OF  TECeilCAL  SMVICES 
U,  S,  DEPARTMENT  OF  COMMERCE 
UASHIffiTON  25,  D«  C. 

"'"iViosi 


U,  S*  JOINT  PUBLICATIONS  RESEARCH  SERVICE 
205  EAST  li2nd  STREET,  SUITE  300 
NM  YORK  17,  N.  I. 


d 


20000410  117 


JPRS*. 

CSOs 


2566 

3716-N 


ON  TEE  METHOD  OF  GROWING  ALKALI 

halide  crystals  from  a  melt 


/  Following  is  a  translation  of_an  article  by 
V.  D.  Kuchin  which  appeared  in  izvestiya  Vys-^ 
shikh  Uchebnykh  Zaveaeniy,  Fizika  (Proceedings 

of  the  Higher  Educational  Institutions,  Physics), 
No.  2,  Tomsk,  1958,  pages  117-120. _/ 


Starting  with  the  value  of  the  temperature  gradient 
in  a  crystal  not  greater  than  10  degrees  per  centimeter,  the 
rate  of  cooling  for  NaCl  crystals  was  found  to  be  2.4  degrees 
ner  minute,  for  KGl  -  2.32  degrees  per  minute,  for  KBr  - 
2.25  degrees  per  minute  and  for  KI  -  2.12  degrees  per  minu¬ 
te.  The  calculated  results  are  well  supported  by  experi¬ 
ments. 


In  the  mass  production  of  samples  from  crystals  grown 
from  a  melt  /l/,  it  was  noticed  that  in  the  cleavage 
kali-halogen  crystals  in  the  direction  of  (100)  very  often  the 
splitting  surface  so  obtained  was  not  plane— parallel,  but 
wave-like.  It  can  be  assumed  that  in  the  grown  alkali-halo¬ 
gen  crystals,  as  well  as  in  metals  and  semiconductors  (3)> 
the  deformation  of  crystals  was  caused  by  thermal  stresses  due 
to  their  uneven  or  extremely  rapid  cooling. 


We  shall  consider  the  thermal  state  of  the  sodium 
chloride  crystal  grown  from  a  melt.  The  heat,  imparted  to  the 
crystal  by  fusion  is  partly  removed  by  the  cooling  water  and 
partly  dissipated  as  radiation  to  the  surrounding  medium.  We 
shall  find  the  radial  and  axial  temperature  changes  in  the 
crystal.  The  heat  transfer  equation  for  the  crystal  having 
the  form  of  a  round  cylinder  of  radius  r  in  cylindrical  coor¬ 
dinates,  is  written  in  the  form  (2) 

,^4.-LiI+-^  =  o.  (') 

^  p2  p  dp  dz- 

where  9  -  is  the  flowing  radius  vector,  z  -  is  the  ordinate. 
The  limiting  conditions  for  the  solution  of  this  equation  are 
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as  follows: 

1)  ifhen  2  =  0,  the  crystal  temperature  is  equal  to  the 
fusion  temperature. 

2)  The  amount  of  heat  supplied  to  the 

pense  of  heat  transfer  from  the  fusion  is  equal  to  the 

amount  of  heat  dissipated  by  the  crystal  surface: 


whe^’e  K  -  is  the  coefficient  of  heat  transfer,  and  A  -  is  the 
coefficient  of  heat  emission.  The  solution  of  equatxon  (1) 
with  some  approximations  will  assume  the  form  v:5; 


fH 


Th“  Riven  equation  permits  one  to  determine  the  tempe¬ 
rature  Iraly  pSlnt  in  the^rystal.  The  analysis  of  equation 
(4)  shows  that  the  temperature  distribution  iij  ?  thP  axes 
conforms  to  the  exponential  rule  in  the  direction  of  t  * 

aSd  trthe  parabolic  rule  In  the  radial  direction  of  the  axes. 
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FlR  1.  Axial  distribution  of  temperature  in  a 
crystal  of  KaCl  grown  from  a  melt. 

PlRures  1  and  2  represent  the  results  of  calculations 

of  the  respective  axial  and  radial  distribution^of 
in  the  NaCl  crystal  with  the  assumption  that  r  -  2  cent^eter, 
X  =  1  kilocalorie  /centimeter/second/  degree  (4),  and  K 

240  X  10-5  hilojoule/meter/second/degree  (4).  As  can  be  seen 

from  Fig.  1,  the  maximum  temperature 

tfli  in  the  radial  setting  takes  place  when  *  =  r/2  -  1  oen 
uLSr  and  Sacies  A  t  =  124®C.  Moreover,  the  value  of  the 
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FiR.  2.  Radial  distribution  of  temperature  in 
a  crystal  of  KaCl  grown  from  a  melt. 

calculated  temperature  in  the  center  of  the 

to  7160k,  and  at  the  surface  of  the  very  same  crystal  the 

temperature  is  equal  to  5920K, 

The  temperature  gradient  la  the  crystal  is  determl 
ned  according  to  formula  (3) 

fiT* _ ^  ‘Tvj  (4) 

K  ' 

where  is  the  Stephan-Boltzmaa  constant.  The  calculation 

shows  that  When  2  =  r/2  =  1  centimeter,  the  temperature  gra¬ 
dient  is  equal  to  314  degrees  per  centimeter  at  the  lu  o 

tL  ?Sue  rf  mloSanloal  stressee  “Jislnatlg  to  the  orya- 
imder  cooli-og.  Since  the  temperature  is  dissimilar  in 
vfrloSf  of  toe  crystal,  the  .echantoal  re  sees  to  dl- 

SIS  :st 

?eSe  ifilnear  dl^aonslons  of  altuf r  ls  pS- 

ses  in  the  crystal  can  be  determined  from  the  expression 

p=El4l=zEadT,  (5) 
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Where  E  -  Is, the  moSulua  elastielty,  and  -  the  tempSi 

ratiure  oosf'i  ic  isn't »  For  MaOl,  it  —  4*^?  x  10  xilograias  p 
square  centimeter  (5),  and  o«-  r:  4  x  10“^  l/per  degree  (6). 

In  the  Had  crystal  when  ^  T  =  124^>C  the  mechanical 

stresses  amount  to  20  kilogra-ms  per  ® 

is.  the?  exceed  its  mechanical  strevigth  (according  to  data 
in  /?/  the  tensile  strength  for  Mad  crystals  amounts  to 
n  i6  «•  0  5  kilograms  per*  sauare  millimeter).  Optxcal  stu¬ 
dies  /8/* confirm  the  presence  of  mechanical 
by  the  uneven  cooling  of  the  crystal  under  growta. 
the  action  of  such  significant  mechanical  f fosses,  ^  shift 
or  "slippage"  of  certain  crystal  laprs  relative 
in  the  crvstal  facet,  parallel  to  the  surtace  of  ^hsion,  ta- 
ke%  place.  Defects  in  the  crystal  structure 
are  quite  large  in  relation  to  perfect  crystals  /9/  and  the 
density  of  which  in  the  cirection  of  radius  r  of  the  crystal 
is  determined  from  the  relationship  /3/» 

N=-^.hL,  (6) 

Ug  A(> 

Where  ^T/^f  is  the  radial  temperature  difference.  Recent 

optical  and  electrical  measurements  /8,  toes 

pothesls  regarding  the  existence  of  structural  ® 

in  deformsd^crystais.  The  lattice  defects 
tron  moDillty  thus  contributing  to 

space  charge  which  in  turn  Influences  the  crystallizability 
ofSatto.  For  the  determination  of  the  density  of  these 
defects  we  shall  assume  that  4  T/^f  =  10  degrees  per  centi¬ 
meter  /io,  11/.’  X-ray  studies  /12/  with 
there  are  no  mechanical  stresses  opera wing  when  T/  F 
degrees  per  centimeter.  The  calculation  for  our  oase jives 
N  =  1.75  X  10^  I/square  centimeter,  fne  rxse  of  radial  tem¬ 
perature  differences  results  in  an  increase  In  the  number  o- 
lattice  infractions.  Therefore,  in  the  growing  of  crystals  _ 
from  fusion,  a  significant  role  is  played  by  ^he 
crystal  cooling  during  the  growth  process,  which  can  be  de¬ 
termined  according  to  formula  /3/ 

11..^  IK-  ±1-  (7) 


where  c  -  is  the  specific  heat  of  the  crystal.  For  NaCl, 
c  =:  0,24  calories/gram  degree  /13/.  The  cooling  of  the  crys¬ 
tal  should  be  carried  out  slowly  so  that  the  radial  tempera¬ 
ture  gradient  be  kept  at  a  minimum.  Expressly  it  differen¬ 
tly,  the  isothermal  surfaces  in  the  crystal  should  be 
lei  to  the  surface  of  fusion.  The  cooling  rate  of  the  Nad 


crystal,  as  determined  by  the  use  of  formula  /6/  with 
Af  =  10  degrees  per  centimeter  amounts  to  dT/dt  = 
grees  per  minute/  that  is,  of  the  same  orger  oi  magnitude  as 

in  /12,14/, 

The  crystal  will  grow  only  in  case  the  rate  of  growth 

will  be  higher  than  its  rate  of  cooling.  It 
the  velocity  pure  crystals 

can  be  determined  approx imately  according  to  formula  /lb/ 


W  ZilS  •  i  •»  IT  I 
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where  D  is  the  diffusion  coefficient,  which  for  HaCl  is  equal 

to  0.14  square  centimeters  per  second;  S,the  mo^ar  entropy 

of  fusion  is  equal  to  33  calories  per  mole  degree,  Ax  is  the 

distance  in  the  direction  of  the  crystal  s  expansion,  in 

which  the  crystallisation  takes  place  (assumed  to  be  equal  to 

5  X  10“2  centimeter  /l5A  Rq  is  the  universal  gas 

and  ATx  -is  the  drop  in  temperature  at  tne  crystallization 

boundary  (at  the  distance  A^).  From  Fig.  1,  for  ~  b 

10“^  centimeter  with  A  t/As=  =  10  degrees  P®^ 

find  A  Tk  =5  degrees,  and  the  rate  of  growth 

centimeters  per  second,  that  is,  a  significantly  higher  co 

Ing  rate. 

For  other  alkali- halogen  crystals  an  analogous  calcula¬ 
tion  with  several  additional  approximations  can  be 
Me  were  unsuccessful  in  an  attempt  to  determine  tae  ^  ^ 

'^ion  coefficient  K  of  other  crysiialB.  For  Natl  the  value  oi 
the  ratio  X /K  is  0.175.  l/centlmeter.  This  - ^ 
sneaking,  will  be  constant,  since  the  very  same  coefficients 
^  and^  depend  to  a  small  extent  upon  temperature,  and  have 
values  of  the  same  order  of  magnitude.  It  can  be  assumed 
that  the  ratio  of  these  coefficients  is  also  equal  to  0.17b. 
l/centimeter  for  the  rest  of  the  alkali-halogen  crystals. 

We  consider  that  the  error  introduced  with  this  as¬ 
sumption  is  small  and  is  found  to  be  within  the  limits  of 
precision  of  the  performed 

rate  of  cooling  as  obtained  Xrom  calculation  5^®/x 

for  KOI  -  2.32,  for  KBr  -  2.25,  and  for  KI  -  2,12  decrees  per 

minute. 

The  deduced  calculation  shows  that  the  extremely  ra¬ 
pid  cooling  of  alkali-halogen  crystals,  grown  ®  melt,  can 

be  the  cause  of  significant  mechanical  stresses 
rence  of  structural  defects  In  crystals.  The 

for  crystal  growth  rate  are  supported  by  data  of  other  authors 
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/!?<.  14/*  and  aa  the  perforated  experiments  demonstrate^  ^ 
{hey  can  he  utilised  tn  the  practice  of  growing  alxali-imlo- 
;f-o®  a  melt.  The  rate  of  crystal  cooxlng  oD- 
tSned  inlhfe  given  caiculationa  can  he  assumed  to  apply  to 
coding  and  heating  rates  of  samplas  xrom 
■l''rIc«Ar)%r-'tre+a‘^  s"  jp  the  determination  of  tamperatnre 
cS^upon' elec  trioal/ mechanical*,  and  other  characteristic  a. 


Kyropotilos.  3« 
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